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Synopsis

Neseuretus tristani (Desmarest) is figured from the Hanadir Shale, Saudi Arabia, only the second

Ordovician trilobite described from the Arabian Peninsula. Neseuretus was an inshore genus, often

accompanied by a sparse fauna of inarticulate brachiopods and bivalves, and confined to the cold-

water, and presumably circumpolar shelf seas of the earlier Ordovician. It is regarded as the most

sensitive indicator of the former extent of inshore facies in cooler seas fringing Gondwanaland in the

earlier (Arenig-Llanvirn) Ordovician. A review of other occurrences of Neseuretus supports a united

Gondwanaland as deduced from geophysical and whole-fauna evidence, but would also include the

southern part of Europe and the southern part of China within the same continental block.

Introduction

As part of the Saudi Arabian Cover Rock Project, staff at the Royal School of Mines

(Imperial College) have been mapping the Lower Palaeozoic rocks that outcrop along the

edge of the Precambian shield in the mid-part of the Arabian Peninsula. Several highly

fossiliferous blocks were recovered from hard bands in the Hanadir Shale (Fig. 1), a unit at

the base of the Tabuk Formation (Powers et al. 1966 : 1 12; McClure 1978), and overlying

the widespread Saq Sandstone Formation of presumed Cambrian to Arenig age. The blocks

proved to be crowded with the fragmentary remains of a species of the trilobite Neseuretus,

accompanied by a few inarticulate brachiopods, bivalves, graptolites, nautiloids and

conodonts. The trilobites are well preserved, and since the only other Ordovician trilobite

from the Arabian peninsula is a Plaesiacomia species described by Thomas (1977), are well

worth illustrating. Moreover, Neseuretus is a genus of particular palaeobiogeographic

significance, and this opportunity is taken to assess its distribution in relation to the

Gondwanaland of the earlier Ordovician. Weare particularly grateful to Dr J. Ferguson and

Dr R. G. Davies for donating this material to us for study. Wealso thank Dr N. J. Morris and

Dr L. R. M. Cocks for determinations.

Palaeogeography of the Neseuretus fauna

Definition of the early Ordovician Gondwanaland

Faunas with Neseuretus are associated with inshore, epicratonic deposits at what were high

latitudes in the earlier part of the Ordovician. Often, as in Saudi Arabia, Neseuretus is the

only trilobite. Numerous Neseuretus may be accompanied by one or two other trilobites

such as Ogyginus, Crozonaspis or Merlinia, but apart from a few species of inarticulate

brachiopods and bivalves other associated fauna is sparse. Such a low-diversity fauna is
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Fig. 1 Photograph of fossiliferous locality at A^-T/Tn7yat, Jabal Shammar, north Saudi Arabia.

The arrow indicates the Neseuretus horizon. (Photo by Dr J. Ferguson).

exactly what might be expected of an inshore environment at high latitude; the living crab

Hyas coarctatus is the only well-skeletized decapod species which is at all commonat Arctic

latitudes today. Weregard the Neseuretus fauna, and by extension Neseuretus itself, as the

best indicator of epicontinental seas at relatively high latitudes. Dean (1976) and Cocks &
Fortey (1982) used this criterion to infer geographic continuity of the Anglo-Welsh area with

southern Europe and north Africa in the earlier Ordovician. We here attempt to extend

worldwide the analysis of Dean (1976), to see how the description of this fauna relates to

alternative reconstructions of Gondwanaland.



NESEURETUS 65

This is a somewhat different approach to deducing continental configuration from that of

Whittington & Hughes (1972). These authors compared whole faunas at generic level, and
excluded faunas of small diversity ('less than ten taxa'; 1972 : 238). But an important feature

of the Neseuretus fauna in many occurrences is precisely its low diversity. Here we plot the

distribution of a particular facies fauna, the one which, being the most inshore, we deduce
would have been most responsive to constraints such as geography and ambient temperature.
Deep water faunas include more widespread genera and have more interprovincial 'mixing',
albeit with a concomitantly higher diversity. So we contend that the distribution of
Neseuretus is, prima facie, an indication of the extent of relatively high-latitude areas in the

Ordovician, and likely also to indicate close geographic proximity. It is important to

emphasize that the distribution considerations only apply to the earlier half of the

Ordovician, i.e. Arenig to Llandeilo, because many different lines of evidence lead to the

conclusion that by the Caradoc palaeogeography and continental distribution were changing
fundamentally. Wealso exclude the distribution of the related genus Vietnamia Kobayashi,
1960, but include the subgenus Neseuretus (Neseuretinus} Dean, 1967, partly because it is

difficult to decide to which subgenus poorly preserved species belong.
The distribution of the trilobite Neseuretus is paralleled by the distribution of particular

suites of sedimentary facies which extend into areas where the characteristic trilobite has not

yet been found (Dean 1976). Neseuretus-bearing beds are often underlain by and sometimes
interbedded with coarse to fine quarzites of Ores Armoricain type. As Bergstrom (1976) has

noted, presumed trilobite trace fossils of the genera Rusophycus and Cruziana (especially C.

furciferd) often accompany the Neseuretus body fossils. Neseuretus-bearing beds are often

enriched in iron compounds, as in eastern Newfoundland, parts of southern Europe and in

Saudi Arabia. Free calcium carbonate appears to be invariably absent.

Neseuretus has been described from Arenig rocks of the Avalon platform, eastern

Newfoundland (Dean & Martin 1978), where it is associated with Ogyginus and numerous
Cruziana trails, and with rich sedimentary ironstones. Arenig occurrences are typical of the

transgressive beds at the base of the series in south Wales (Fortey & Owens 1978), and

throughout the relatively inshore facies of the Mytton Flags, Shropshire. In the Gqrran

Quarzites of Cornwall (Sadler 1974) its occurrence is Llandeilian, and Llanvirn-Llandeilo

occurrences are typical of a great number of localities in Brittany (Henry 1970) and the

Iberian Peninsula (Hammann 1976; Sadler 1974: text-fig. 2), where, however, it is absent

from the extreme inshore facies of the underlying Arenig. Destombes (1971) records

Neseuretus from both Arenig and Llanvirn Formations in Morocco. Dean (1966) has

described two Neseuretus species from the Montagne Noire, southern France, of Arenig age.

Moving eastwards, Neseuretus is known from the Arenig of the Taurus Mountains, Turkey

(Dean 1971). In Algeria the facies is closely similar to that of Europe (Legrand 1974),

inshore and ferruginous with trace fossils and a sparse bivalve and inarticulate brachiopod
fauna including Lingulobolus brimonti, a species of wide distribution in the Armorican

Quartzite facies (see Havhcek, 1980). Whiteman (1971) records Neseuretus from a number
of Algerian localities, and indicates the continuation of the same suite of rocks into Tunisia.

The same facies also continues eastwards into Libya, but we cannot find any faunal records.

The Saudi Arabian occurrence reported here forms a link between the European and

African occurrences and those further to the east. There is no published record of Neseuretus

from Iran and Iraq, although reports of Cruziana-rich arenaceous facies (Ctyroky 1973,

Dietrich 1937) indicate that the right type of shallow water facies was present in both

countries. Weaccept Dean's (1967) redetermination of Calymene birmanica Reed, 1906,

from the Shan States, Burma, as a Neseuretus species and examination of the types of

Calymene nivalis Salter (18656 : 10) from the Himalayas suggests that this species also may
be referred here. In China eight or more species of Neseuretus have been reported (from west

to east) from the western Yunnan (Sheng 1974), southern Szechwan and southern Shensi (Lu

1975), all from the Llanvipn. The Ordovician faunas in general along this region are of

'European' aspect, and strikingly different from those of north China (e.g. Wang 1980),
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which are of North American Midcontinent type, and presumably lay near the Ordovician

equator, separated by the Tsin Ling suture of Ziegler et al. (1977).

In South America Neseuretus is recorded from the Llanvirnian of Bolivia (Pfibyl & VanSk

1980), northern Argentina (Harrington & Leanza 1957) and the 'Arenig or Llanvirn' of Peru

(Dean 1976 : 243). The 'European' flavour of Ordovician faunas of the northern part of

South America has been appreciated for a long time (e.g. Kobayashi 1937), and has recently

been emphasized again (Hughes et al. 1980) in the case of an offshore fauna from Peru.

Whittington & Hughes (1974) emphasize faunal continuity between South America and the

rest of Gondwanaland during the Tremadoc. The Neseuretus fauna is of limited

geographical extent, reflecting the restricted distribution of the appropriate facies in the right

climatic zone.

Fig. 2 Palaeogeographic reconstruction of the southern hemisphere (excluding North America)
for the Lower Ordovician. The occurrence of Neseuretus is indicated. (After Whittington &
Hughes 1972).
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Gondwanaland in the earlier Ordovician

If the controls on the distribution of Neseuretus are as we have suggested it should be a

sensitive indicator of the inshore, cold seas of Gondwanaland. This would imply (Fig. 2) a

broadly united Gondwanan continent in the earlier Ordovician, including southern Europe
attached to north Africa, and including also the southern part of China. This picture is in

general agreement with previous Ordovician reconstructions, with Gondwanaland in a polar

position (Whittington & Hughes 1972, 1974; Embleton & Valencio 1977; Scotese et al

1979; Bambach, Scotese & Zeigler 1980; Burrett & Richardson 1980). If one makes the

assumption that the Neseuretus faunas are approximately symmetrically distributed about
the pole, this would give a pole position in the region of the eastern part of Africa; the Saudi

Arabian occurrence would be closest to the pole. There are, however, several differences

between the reconstruction Gondwanaland and adjacent continents based on the distri-

bution of the Neseuretus fauna and those cited above.

Scotese et al. (1979) and Bambach, Scotese & Zeigler (1980) show the Baltic continent

('Baltica') at very high latitudes in the Middle Ordovician, close to Gondwanaland. This is

highly improbable, because the Neseuretus fauna is absent from Baltica, and if it was close

and at the same latitude there would be no reason to prevent establishment of the fauna.

Cocks & Fortey (1982) have advanced reasons why Baltica should be at temperate latitudes

and separated from southern Europe by a substantial ocean ('Tornquist's').

Whittington & Hughes (1972: fig. 3) show southern Europe separated from north Africa by
a 'Proto-Tethys' ocean. In accordance with Dean (1976), we believe that the distribution of

the Neseuretus fauna and facies which extends even to identity at specific level in the

Llanvirn argues against any such oceanic tract. Note that the distribution of the Neseuretus
fauna is equivalent to the Selenopeltis fauna of Whittington & Hughes plus part of the

Asaphopsis fauna, plus several of those classified as of 'uncertain affinity'. Whittington &
Hughes' (1974) Tremadoc faunas are geographically much more widespread, which we
would attribute to the transgressive (and hence relatively deep-water and more cosmo-

politan) sedimentary regimes on a world-wide scale during this period.
The distribution given here would have to include south-east Asia (including the southern

part of China) in Gondwanaland, which differs from the reconstructions of Zeigler and his

co-workers, who would have this area as a separate plate at low latitudes. That interpretation
would entail the Neseuretus fauna not only living under different conditions but also

crossing the palaeoequator. A continuity of trilobite faunas in the Cambrian, similar to that

accepted by us for the earlier Ordovician, has been argued by Chang (1980).

Position of Australia

There is considerable evidence to indicate that Australia lay within equatorial latitudes in

the Tremadoc and Arenig. Graptolite, cephalopod and conodont faunas are typical of

equatorial faunas elsewhere, and the platform limestones of western Queensland and other

areas of the continental interior are of usual low latitude type. Arenig-Llanvirn platformal
trilobite faunas have never been completely described, but are under study by J. Shergold
and R. A. Fortey. Pelagic elements are the same as in other circumequatorial faunas, but the

benthic faunas include a number of curious endemic genera, including a bizarre local

radiation of Asaphidae. There are also a few 'Gondwanan' elements (but not Neseuretus}
such as Hungioides which are known from South America, southern China, or both. It seems

reasonable to accept the attachment of Australia to Gondwanaland as in the Whittington &
Hughes (1974) and Scotese et al. (1977) maps, and accord it an equatorial position. The
southern part of Argentina also presumably extended towards lower latitudes. Here should

be mentioned the record of ^.Neseuretus by Legg (1976) from the Arenig of the Canning
Basin, northwestern Australia. Unfortunately these are pygidia only, of calymenacean type,

and it seems more probable to us that another genus is represented; certainly the associated

fauna is generally unlike that of the Neseuretus fauna, and the geographical position would
be most anomalous.
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Associated fauna

Age. Dr J. Ferguson informs us that the fossil bed with trilobites which we have examined is

both overlain and underlain by graptolitic shales. It consists entirely of 'tuning fork'

graptolites, among which Didymograptus murchisoni, D. cf. geminus, D. artus and D. cf.

spinulosus were identified. This is without doubt an assemblage of Llanvirn age, and very

likely within the upper Llanvirn Zone of D. murchisoni. The age of the trilobite fauna is

therefore also late Llanvirnian. Broken didymograptid stipes occur within the trilobite bed
itself.

Dr L. R. M. Cocks has determined three genera of inarticulate brachiopods, which occur

in the same blocks as the trilobites: Schizocranial, Monobolina and Lingulella. Of these,

Monobolina is significant in being a restricted Anglo-Welsh to southern European genus,

typically found in shallow water facies. The bivalves include Glyptarca cf. naranjoana
(Verneuil & Barrande, 1855) (Dr N. J. Morris det.); this was originally described from Spain.

Fig. 3 Neseuretus tristani (Desmarest, 1817). Cranidium It. 15738. Llanvirn Series, Hanadir

Shale; A^-JTnTyat, Saudi Arabia, a, dorsal view, x 3. b, right lateral view, x 2-5. c, anterior view,

x3.
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Both the bivalve and the brachiopods are associated with the trilobite Neseuretus at their

other localities. Together they constitute a characteristic assemblage of fossils an inshore,
low diversity fauna from clastic facies which may be termed the Neseuretus fauna

(Neseuretus community type of Fortey & Owens, 1978). Thomas (1977) described a species
of the trilobite Plaesiacomia from a different locality in the Hanadir Shale. Plaesiacomia is

another trilobite of restricted, boreal distribution in the earlier Ordovician (Dean 1976), but
is generally found in deeper water facies than Neseuretus.

Lithology. Mrs J. Bevan has kindly examined the rock yielding the body fossils under the

electron probe. The trilobites themselves have been replaced by an iron-rich dolomite. The
rock includes mudflakes (composed of fine orthoclase, quartz and dolomite), and significant

quantities of iron oxide (probably limonite) grains, set in a matrix of fine dolomite, felspar
and quartz. The trilobites are entirely preserved as disarticulated parts, often densely stacked

on one another. The rock is evidently a coquina.

Systematic note

Family CALYMENIDAEBurmeister, 1843

Neseuretus has been assigned to a separate family Synhomalonotidae Kobayashi, 1960. We
accept here the arguments advanced by Henry (1980) that the hypostoma in particular
indicates calymenid affinities.

Genus NESEURETUSHicks, 1873

TYPESPECIES. Calymene parvifrons var. murchisoni Salter, 1865; see Whittard 1960 : 139.

DATE OF AUTHORSHIP. The date of authorship of Neseuretus has been variously quoted as

1872 (Whittard 1960, Dean 1966, Dean & Martin 1978), 1873 (Henry 1980) or 1876

(Dean 1967). Hicks' paper appears in the first part of volume 29 of the Quarterly Journal of
the Geological Society of London. Each page carries the date 'Nov. 1872', which is

presumably the source of the 1872 date of publication. However, the cover page (which also

includes on the reverse an account of Society business transacted early in 1873) bears the

date 1 873, which is the correct year of publication. November 1 872 is the date of the meeting
at which Hicks' paper was presented.

SPECIES INCLUDEDin Neseuretus (Neseuretus).

N. antetristani Dean, 1 966
N. arenosus Dean, 1966
N. attenuatus (Gigout, 1951)
N. avus Hammann, 1977
N. bergeroni Choral, 1935)
N. brevisulcus Whittard, 1 960
N. bulletins Whittard, 1960
N. complanatus Whittard, 1960
N. concavus Lu, 1975
N. concavus tenellus Lu, 1975
N. convexus (Sheng, 1958)
N. ?elongatus Hicks, 1873
N. equalis Lu, in Lu & Chang 1974
N. expansus Lu, 1975
N. grandior Whittard, 1 960
N. henkei Hammann, 1977
N. intermedius Lu, 1975
N. kayseri (Kobayashi, 1951)
N. kobayashi (Harrington & Leanza, 1957)

Arenig; France

Arenig; France

? Llanvirn; Morocco

early Llanvirn; Spain

Arenig; France

Lower Arenig; England
Lower Llanvirn; England
Lower Arenig; England
Llanvirn; Shensi, China

Upper Llanvirn; Shensi, China

Upper Llanvirn; Szechuan, China

Arenig; Wales
Lower Ordovician; Szechuan, China

Llanvirn; Shensi, China

early Arenig; England, West Germany
Llandeilo; Spain
Llanvirn; Szechuan, China

Arenig/Llanvirn; Szechuan, China

Llanvirn; Argentina, Bolivia
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N. lusitanicus (Thadeu, 1949)
N. monensis (Shirley, 1936)
N. murchisoniSsAter, 1865a
N. nivalis (Salter, 18656)
N. pamiricus Balashova, 1 966
N. parvifrons (M'Coy, 1851)

N.planusLu, 1975

N.lquadratus Hicks, 1873

N. ramseyensis Hicks, 1873

N. sanhwaichangensis Lu, 1975

N. sanlucaensis Pfibyl & Vanek, 1980

N. sexangulus Dean, 1971

N. shensiensis (Lu, 1957)
N. tristani (Desmarest, 1817)

N. tristani or parvifrons (of Whiteman, 1971)
N. tungtzuensis (Sheng, 1958)
N. vaningeni Dean, in Dean & Martin 1978

N. yinganensis [? Chang, in Chang el al.

1979]; apparently a nomen nudum
N. zunyiensis Yin, 1978

yv.?sp! (Dean, 1971)
N. sp. (Destombes, 1967)
N. sp. (Destombes, 1967)
/V. sp. (Henry, 1980)
N. sp. (Whiteman, 1971)
N. sp. nov. (Whiteman, 1971)
N. spp. nov. (Whiteman, 1971)
W. sp. (Dean, 1975)
/V. ?sp.(Kobayashi, 1951)

Llandeilo; Portugal

Arenig; Wales

Arenig; Wales, England
mid-Ordovician; central Himalayas
Llandeilo; Pamirs

Arenig; Wales

Llanvirn; Shensi and Szechuan, China

Arenig; Wales

Arenig; Wales

Llanvirn; Szechuan, China

Llanvirn; Bolivia

Lower Arenig; France

Llanvirn; Shensi, China

Upper Llanvirn-Llandeilo; France, Portugal,

Spain, England, Algeria
Llanvirn or Llandeilo; Tunisia

Upper Llanvirn; Yunnan, China
Lower Arenig; Newfoundland

Caradoc; Xinjiang, China

Arenig; Kweichou, China

Arenig; Turkey
early Arenig; Morocco

Llandeilo; Morocco
Llandeilo; north-west France

Arenig; Algeria

Arenig; Algeria

Llanvirn; Algeria

Arenig or Llanvirn; Peru

Llanvirn; Kweichou, China

Fig. 4 Neseuretus tristani

(Desmarest, 1817). Cranidium
It. 15740, dorsal view, x3.
Llanvirn Series, Hanadir Shale;

A^-TTnTyat, Saudi Arabia.

Neseuretus tristani (Desmarest, 1817)

Figs 3- 11

Although usually attributed to Brongniart (1822) there is a valid proposition of the species in

Desmarest (1817:517). Desmarest uses the name with reference to a Brongniart work in

preparation, but this does not have formal status. For subsequent synonymy see Henry
(1970, 1980)andSadler(1974).
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Figs 5-10 Neseuretus tristani (Desmarest, 1817). Llanvirn Series, Hanadir Shale; Aj-"priiyat,
Saudi Arabia. Fig. 5, dorsal view of small cranidium It. 15739, x3. Fig. 6, dorsal view of

pygidium It. 15748, x3. Fig. 7, dorsal view of fixed cheek It. 15741, x2-5. Fig. 8, free cheek
It. 15742, x3. Fig. 9, posterior view of pygidium It. 15744, x2-5. Fig. 10, portion of thoracic

segment It. 15743, x3.
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MATERIAL. More than fifty fragments of this species were recovered, of which the following
are registered in the collections: cranidia: It. 15738-41; free cheek: It. 15742; thoracic

segment: It. 1 5743; pygidia: It. 1 5744^8.

LOCALITY ANDHORIZON. A^-pnTyat, Jabal Shammar, northern Saudi Arabia; 27 4 I'M, 42
20' E. Llanvirn Series, Tabuk Formation, Hanadir Shale, Zone of Didymograptus
murchisoni.

REMARKS.This species has been extensively revised by Henry ( 1 970, 1 980) and Sadler ( 1 974)
and further description is unnecessary. It is possible to match every feature given in Henry's
recent, careful and well-illustrated account in the Saudi Arabian material. The lateral

cranidial profile is identical, with the long frontal border relatively steeply upturned,

compared with the British species of Arenig age (Henry 1970 : fig. 2). The only species of

Llanvirn age from Britain, N. bullatus Whittard, 1960, has a short frontal area, like N.

vaningeni Dean, in Dean & Martin 1978, from the Arenig of eastern Newfoundland. The
vaulting on the cranidial border is particularly marked in N. tristani. We have obtained

specimens (see Fig. 4) which show the muscle insertion areas and fine granulation clearly on
the external surface; these compare closely with the specimen in Henry (1980 : pi. 10, fig. 3).

Some of the other specimens from Saudi Arabia (Fig. 3) appear to be almost without granu-

lation; we regard this as an intraspecific variation only. Other species of Neseuretus do not

appear to have defined 1 P muscle insertion areas, which are prominent on some specimens
of N. tristani. The deflexion of the 1 P glabellar furrow around the back of this muscle
insertion area presumably accounts for the sigmoidal form of 1 P in many Homalonotidae
and Calymenidae. Wenote one small difference on pygidia of our material compared with

the descriptions of Henry (1970, 1980); Henry describes as many as nine axial rings in total,

of which the first six or seven pass across the mid-part of the axis. No more than six axial

rings are defined across the mid-part of the axis on Arabian specimens, with up to two more
faint impressions on the terminal piece. In other respects, such as sculpture and relative

definition of pleural and interpleural furrows, the French specimens are so similar to ours

that we cannot consider a specific distinction on the basis of this pygidial difference alone.

The Arabian form is also close to the species identified as N. birmanicus (Reed) from

Yunnan by Sheng (1974 : pi. 8, figs 2a-g) which differs mainly in having a weakly defined

cranidial rim or border. Dean (1967) assigned N. birmanicus, sensu stricto, to his subgenus

Fig. 11 Neseuretus tristani (Desmarest, 1817). Dorsal viewofpygidium It. 15744, x2-5. Llanvirn

Series, Hanadir Shale; A^-pn7yat, Saudi Arabia.
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Neseuretinus on the basis of a defined cranidial border. The material illustrated by Sheng
includes (1974 : pi. 8, fig. 2d) specimens with a border no better defined than that of the type

species of Neseuretus, N. murchisoni (compare Whittard, 1960 : pi. 20, fig. 14), and the

Yunnan species should evidently be placed in Neseuretus in a restricted sense. Weconclude

that N. tristani, together with what may be very closely related species, extended over much
of Gondwanaland in the Llanvirn.

References

Balashova, E. A. 1966. [Trilobites from the Ordovician and Silurian beds of Pamir.] Trudy Upravl.

Geol. Sov. Minist. tadzhik. SSR, Moscow, 2 : 191-262, 4 pis. [In Russian].

Bambach, R., Scotese, C. R. & Ziegler, A. M. 1980. Before Pangaea: The Geographies of the

Paleozoic World. Am. Sclent., NewHaven, 68 : 26-38.

Bergstrom, J. 1976. Lower Palaeozoic trace fossils from eastern Newfoundland. Can. J. Earth Sci.,

Ottawa, 13: 1613-1633.

Brongniart, A. 1822. In Brongniart, A. & Desmarest, A.-G., Histoire naturelle des Crustaces fossiles;

sous les rapports zoologiques et geologiques, savoir les trilobites, les Crustaces proprement dits.

vii+ 154 pp., 1 1 plates. Paris.

Burrett, C. & Richardson, R. 1980. Trilobite biogeography and Cambrian tectonic models.

Tectonophysics, Amsterdam, 63 : 155-192.

Chang W.-T. 1980. On the northward drift of the Afro-Arabian and Indian plates. Proc. R. Soc. Viet.,

Melbourne, 92 : 181-185.

et al. 1979. [Subdivision and Correlation of the Ordovician System in China.] In: Nanking
Institute of Geology & Palaeontology (ed.), [Stratigraphical Correlations in China], 1. 142pp.
Beijing, Academic Sinica. [In Chinese].

Cocks, L. R. M. & Fortey, R. A. 1982. Faunal evidence for oceanic separations in the Palaeozoic of

_ Britain. / geol. Soc., London, 139 (4): 465-478.

Ctyroky, P. 1973. Cruziana traces from the Khabour Quartzite-Shale Formation in northern Iraq.

Vest, ustred. Ust. geol., Prague, 48 : 281-284.

Dean, W. T. 1966. The Lower Ordovician stratigraphy and trilobites of the Landeyran Valley and the

neighbouring district of the Montagne Noire, south western France. Bull. Br. Mus. nat. Hist. (Geol.)

12 (6): 245-353, 21 pis.

1967. The correlation and trilobite fauna of the Bedinan Formation (Ordovician) in

south-eastern Turkey, Bull. Br. Mus nat. Hist. (Geol.) 15 (2) : 8 1-123, 10 pis.

1971. The Lower Palaeozoic stratigraphy and faunas of the Taurus Mountains near Beys^ehir,

Turkey. II. The trilobites of the Seydisehir Formation (Ordovician). Bull. Br. Mus. nat. Hist. (Geol.)

20(1): 1-24, 5 pis.

1975. Cambrian and Ordovician correlation and trilobite distribution in Turkey. Fossils Strata,

Oslo, 4: 353-373.

1976. Some aspects of Ordovician correlation and trilobite distribution in the Canadian

Appalachians. In: Bassett, M. G. (ed.), The Ordovician System: 227-250. Cardiff.

& Martin, F. 1978. Lower Ordovician acritarchs and trilobites from Bell Island, eastern

Newfoundland. Bull. geol. Surv. Can., Ottawa, 284 : 1-35, pis 4-7.

Desmarest, A. G. 1817. Crustaces Fossiles. In: Biot, J. B. et al., Nouveau Dictionnaire d'Histoire

Naturelle . . . (Nouvelle edn) 8 : 495-5 19. Paris.

Destombes, J. 1967. Distribution et affinites des genres de Trilobites de 1'Ordovicien de 1'Anti-Atlas

(Maroc). C. r. somm. Seanc. Soc. geol. Fr., Paris, 4 : 1 33-1 34.

1971. L'Ordovicien au Maroc: essai de synthese stratigraphique. Mem. Bur. Rech. geol. minier.,

Paris, 73: 237-264.

Dietrich, W. O. 1937. Ordovic in Nordwest-Iran. Zentbl. Miner. Geol. Paldont., Stuttgart, (Abt B)

1937:401-404.

Embleton, B. J. J. & Valencio, D. A. 1977. Paleomagnetism and the reconstruction of Gondwanaland.

Tectonophysics, Amsterdam, 40 : 1-120.

Fortey, R. A. & Owens, R. M. 1978. Early Ordovician (Arenig) stratigraphy and faunas of the

Carmarthen district, south-west Wales. Bull. Br. Mus. nat. Hist. (Geol.) 30 (3) : 225-294.

Gigout, M. 1951. Etudes geologiques sur la Meseta marocaine occidentale (arnere-pays de

Casablanca, Mazagan et Safi). Trav. Inst. sclent, cherif., Tangier, 3 : 1-507, pis 1-18.

Hammann, W. 1976. The Ordovician of the Iberian Peninsula a review. In: Bassett, M. G. (ed.), The

Ordovician Svstem: 387^09. Cardiff.



74 R. A. FORTEY& S. F. MORRIS

1977. Neue Calymenacea (Trilobita) aus dem Ordovizium von Spanien. Senckenberg. leth.,

Frankfurt a.M., 58: 9 1-97, 1 pi.

Harrington, H. J. & Leanza, A. F. 1957. Ordovician trilobites of Argentina. Spec. Publ. Dept. Geol.

Univ. Kans., Lawrence, 1 : 1-276, 140 figs.

Havlicek, V. 1980. Inarticulate brachiopods in the Lower Ordovician of the Montagne Noire (South

France). Mem. Soc. Etud. sci. Aude, Carcassonne, 1 : 1-1 1 , pis 1,2.

Henry, J.-L. 1970. Quelques Calymenacea (Trilobites) de L'Ordovicien de Bretagne. Annls Paleont.,

Paris, (Invert.) 56 : 3-27, pis A-C.
1980. Trilobites ordoviciens du Massif Armoricain. Mem. Soc. geol. miner. Bretagne, Rennes,

22: 1-250, 48 pis.

Hicks, H. 1873. On the Tremadoc rocks in the neighbourhood of St. David's, Pembrokeshire, with

special reference to those of the Arenig and Llandeilo groups and their fossil contents. Q. J I geol. Soc.

Land. 29 : 39-52.

Hughes, C. P., Rickards, R. B. & Williams, A. 1980. The Ordovician fauna from the Contaya
Formation of eastern Peru. Geol. Mag., London, 117: 1-21.

Kobayashi, T. 1937. The Cambro-Ordovician shelly faunas of South America. J. Fac. Sci. Tokyo
Univ. (sec. 2) 4 : 369-522.

1951. On the Ordovician trilobites in central China. J. Fac. Sci. Tokyo Univ. (sec. 2) 8 : 1-87,

pis 1-5.

1960. Some Ordovician fossils from East Tonkin, Vietnam. Jap. J. Geol. Geogr., Tokyo,
31 : 39-48, pi. 5.

Legg, D. P. 1976. Ordovician trilobites and graptolites from the Canning Basin, western Australia.

Geologica Palaeont., Marburg, 10 : 1-37, 10 pis.

Legrand, P. 1974. Essai sur la paleogeographie de 1'Ordovicien au Sahara Algerien. Notes Mem.
Comp. fr. Petrol., Paris, 11 : 121-138.

Lu Y.-H. 1957. [Trilobita.] In: [Index Fossils of China, Invertebrate], 3:249-294, pis 137-155.

Beijing. [In Chinese].
1975. Ordovician trilobite faunas of central and southwestern China. Palaeont. sin., Peking,

(n.s.,B)ll : 1-463, 50 pis.

& Chang W.-T. 1974. [Ordovician Trilobita.] In: Nanking Institute of Geology & Palaeontology

(ed.), [A handbook of the stratigraphy and palaeontology in southwest China]: 124-136, pis 49-56.

Beijing, Academica Sinica. [In Chinese].

McClure, H. A. 1978. Early Palaeozoic glaciation in Arabia. Palaeogeogr. Palaeodimat. Palaeoecol.,

Amsterdam, 25 : 3 1 5-326.

M'Coy, F. 1851. In: Sedgwick, A. & M'Coy, F., A synopsis of the classification of the British

Palaeozoic rocks, with a systematic description of the British Palaeozoic fossils in the geological

museumof the University of Cambridge, 1. iv+ 184 pp., 2 pis.

Powers, R. W., Ramirez, L. F., Redmond, C. D. & Elberg, E. L. 1966. Geology of the Arabian

Peninsula (sedimentary geology of Saudi Arabia). Prof. Pap. U.S. geol. Surv., Washington, 560-D.

126pp.
Pfibyl, A. & Vanek, J. 1980. Ordovician trilobites of Bolivia. Rozpr. cesl. Akad. Ved., Prague,

90(2): 1-82, 26 pis.

Reed, F. R. C. 1906. The Lower Palaeozoic fossils of the northern Shan States, Burma. Mem. geol.

Surv. India Palaeont. indica, Calcutta, (n.s.) 2 (3) : 1-1 54, 7 pis.

Sadler, P. M. 1974. Trilobites from the Gorran Quartzites, Ordovician of south Cornwall.

Palaeontology, London, 17 : 71-93.

Salter, J. W. 1865a. A Monograph of the British Trilobites from the Cambrian, Silurian and Devonian

Formatioins, (2) : 81-128, pis 7-14. Palaeontogr. Soc. (Monogr.), London.

18656. In: Salter, J. W. & Blandford, H. F., Palaeontology of Niti in the Northern Himalaya:

being descriptions and figures of the Palaeozoic and Secondary fossils collected by Colonel Richard

Strachev, R.E. 1 12 pp., 23 pis. Calcutta.

Scotese, C. R., Bambach, R. K., Barton, C., Van der Voo, R. & Ziegler, A. H. 1979. Paleozoic base

maps. J. Geol., Chicago, 87 : 2 1 7-268.

Sheng S. F. 1958. Ordovician Trilobites of Southwestern China. Acta palaeont. sin., Peking,

6: 169-204, 7 pis.

1974. [Ordovician trilobites from western Yunnan and their stratigraphical significance.] In:

Sheng S. F., [Subdivision and correlation of the Ordovician System in China]: 96-1 15. Beijing. [In

Chinese].



NESEURETUS 75

Shirley, J. 1936. Some British trilobites of the family Calymenidae. Q. Jl geol. Soc. Land.

92: 3 84-422, pis 39-41.

Thadeu, D. 1949. Calimenideos Portugueses. Bolm Soc. geol. Port., Lisbon, 8 : 129-132, 2 pis.

Thomas, A. T. 1977. Classification and phylogeny of homalonotid trilobites. Palaeontology, London,
20: 159-178.

Thoral, M. 1935. Contributions a I'etude paleontologique de I'Ordovicien inferieur de la Montagne
Noire et revision sommaire de la faune Cambrienne de la Montagne Noire. 362 pp., 35 pis.

Montpellier.

Verneuil, E. de & Barrande, J. 1855. Descriptions des fossiles trouves dans les terrains silurien et

devonien d'Almaden, d'une partie de la Sierra Morena et des montagnes de Tolede. Bull. Soc. geol.

Fr., Paris, (2) 12 : 964-1025, pis 23-29.

Wang X.-F. 1980. The Ordovician system in China. Acta geol. sin., Peking, 54 : 1-8. [In Chinese,

English summary].
Whiteman, A. J. 1971. 'Cambro-Ordovicien' rocks of Al Jazair (Algeria) A Review. Bull. Am. Ass.

Petrol. Geol., Tulsa, 55 : 1295-1335.

Whittard, W. F. 1960. The Ordovician trilobites of the Shelve Inlier, west Shropshire, (4) : 1 17-162,

pis 16-21. Palaeontogr. Soc. (Monogr.), London.

Whittington, H. B. & Hughes, C. P. 1972. Ordovician geography and faunal provinces deduced from

trilobite distribution. Phil. Trans. R. Soc., London, (B) 263 : 235-278.
1974. Geography and faunal provinces in the Tremadoc epoch. In: Ross, C. A. (ed.),

Paleogeographic provinces and provinciality. Spec. Publs Soc. econ. Paleont. Miner. Tulsa,

21 : 203-2 18.

Yin G.-Z. 1978. [Trilobita]. In Yin G.-Z. & Lee S.-J., [Handbook of Palaeontology of southwest

China]: 385-594, pis 144-192. Beijing (Working Group of Stratigraphy and Palaeontology, Guizhou

section). [In Chinese].

Zhang W.-T. see Chang W.-T.

Ziegler, A. M., Hansen, K. S., Johnson, M. E., Kelly, M. A., Scotese, C. R. & Van der Voo, R. 1977.

Silurian continental distributions, paleogeography, climatology, and biogeography. Tectonophysics,

Amsterdam, 40 : 1 3-5 1 .


